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plant only by diffusion. It is only owing to the fact that the water
in the vessels moves as a steady stream, and not by diffusion, that
transpiration can increase the amount of mineral matter taken in
by a plant.
It is indeed questionable how far transpiration can cause an
accumulation of mineral matter in a plant. If any given mineral
substance should accumulate anywhere in the plant in greater
concentration than it occurs in the soil, it would tend to diffuse
to a region of lower concentration and finally to the soil water.
It is only as a given mineral substance is changed into some other
substance that the elements composing it can accumulate in the
plant to a much greater extent than that in which they occur in
the soil water.
Elements obtained from the soil. There are ten elements which
are universally regarded as essential for the higher plants. The
three which are found in carbohydrates (that is, carbon, hydrogen,
and oxygen) are obtained from carbon dioxide and water. Carbon
comes from carbon dioxide, hydrogen from water, and oxygen
from both carbon dioxide and water.
There are seven elements which must be obtained from the
soil. These are nitrogen, sulfur, phosphorus, magnesium, iron,
calcium, and potassium. Three of these are necessary for the man-
ufacture of plant proteins. These are nitrogen, sulfur, and
phosphorus. Nitrogen is a prominent constituent of all proteins;
sulfur is found in proteins in small amounts, but nevertheless is
necessary for the building up of plant proteins; phosphorus is an
essential constituent of the conjugated proteins of the nucleus.
Two of the mineral elements from the soil are necessary for the
formation of chlorophyll. These are iron and magnesium. Iron
does not enter into the chlorophyll molecule, but chlorophyll can-
not be formed except in the presence of iron. Magnesium is one
of the elements in chlorophyll.
Calcium is a constituent of the calcium pectate of the middle
lamella. Calcium is often deposited very abundantly in the form
of calcium oxalate, which is a combination of calcium and oxalic
acid (Figs. 22-24). The calcium appears to neutralize the harm-
ful effect of the oxalic acid which is formed as a by-product of
metabolism. Potassium is needed in considerable quantities, and